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TREATMENT WITH CYTOKINES FOR ALZHEIMER'S DISEASE 



This invention relates to the use of cytokines in the diagnosis, treatment 
or prophylaxis of diseases. More particularly, the present invention relates to 
the use of cytokines to diagnose or treat non-neoplastic or non-leukaemic 
diseases such as autoimmune diseases or neurodegenerative disorders. 

In the description which follows, the present invention will be described 
with particular reference to the most preferred embodiment of the invention 
which relates to the use of the cytokine interleukin-10 in the diagnosis, 
treatment or prophylaxis of the neurodegenerative disorder Alzheimer's 
disease. It is not intended to restrict the scope of the present invention to this 
one embodiment since the present invention finds equal utility in other 
disorders such as autoimmune diseases, for example multiple sclerosis, 
myasthenia gravis, systemic lupus erythematosus, diabetes mellitus and 
asthma, other neurodegenerative disorders for example Parkinson's disease, 
motor neurone disease and Alzheimer's disease; chronic inflammatory 
diseases such as rheumatoid arthritis; and other diseases where the 
modulation of T-Cell function is desirable such as HIV-infection and AIDS. 

Similarly, the invention has utility with all cytokines, not solely interleukin- 
10 and hence it is intended to include cytokines such as interleukin-1 (a or p), 
interleukin-2, interleukin-3, interleukin-4, interleukin-5, interleukin-6, 
interleukin-7, interleukin-8, interleukin-9, interleukin-10, interleukin-1 1 , 
interleukin-1 2, interleukin-1 3, interleukin-1 4. interleukin-1 5, interleukin-1 6, 
interleukin-1 7, interferon-a, interferon-p, interferon-/, TNF-a, TNF-p, G-CSF, 
GM-CSF, M-LSF, and TGF-p, in the scope of the present invention. 

The major cause of cognitive decline in the elderly is Alzheimer's disease 
(AD). Because of longer life spans worldwide, the number of people that will 
be affected by AD is expected to triple over the next 50 years (1). AD is a 
clinical syndrome characterised by complex and heterogeneous pathogenic 
mechanisms. The recognised genetic factors include mutations of the gene 
encoding the amyloid precursor protein (2), presenilin 1 and 2 (3, 4), which 
account for a small part of familial and usually early-onset AD cases. Genetic 
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factors have also been associated with the sporadic or non-familial form of the 
disease and the allele e4 of the apolipoprotein E (Apo E) significantly 
increases the risk of AD, but is neither necessary nor sufficient for the 
development of the disease (5- 7). Therefore other genetic and environmental 
factors are likely to be implicated and are actively investigated. 

Molecules that take part in the inflammatory cascade are of great interest, 
because inflammation has repeatedly been suggested to be associated with 
the neurodegenerative process characteristic of the AD brain (8). Thus, 
reactive astrocytosis is observed both in the cortex and in the hippocampus of 
these patients and the glial cells are also activated within or near the neuritic 
plaques. Over-expression of cytokines and other inflammatory molecules are 
common features of the AD brain pathology (9). Additionally, epidemiological 
studies showed that the long term use of non-steroid anti-inflammatory drugs 
is associated with a decreased incidence of AD in a co-twin control study (10) 
and several other clinical studies confirmed a decreased association of AD in 
individuals treated with anti-inflammatory drugs (11) including COX2 specific 
inhibitors (12). These findings support the hypothesis that inflammation might 
contribute to the neurodegeneration associated with AD (13). 

In the attempt to better understand the biology of AD the possible role of 
several cytokines and chemokines has recently been investigated. Virtually all 
of the mediators analyzed in these studies, including IL-1b, IL-6, TNF-a, IL-8, 
TGF-p and macrophage inflammatory protein-1a (MIP-1a), have been 
suggested to be up-regulated in AD compared to non demented controls (14- 
18). On the contrary, conflicting results are obtained in relation to the 
immunomodulatory cytokine IL-10, a type-2 cytokine that suppresses T 
lymphocytes and cell-mediated immunity in humans and mice and has potent 
anti-inflammatory properties (19- 21). 

These studies considered each cytokine independently as gene 
polymorphisms and/or production, but never investigated the relationship 
between factors acting for and against inflammation, such as IL-10 and IL-6, 
in the same population sample. 
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It is worth recalling that single nucleotide polymorphisms (SNPs) in the 
promoter region of these two genes are known. The gene encoding IL-10, 
mapped to chromosome 1 between 1q31 and 1q32, is highly polymorphic. IL- 
10 production is correlated to biallelic polymorphisms at positions: -1082 
(guanine to adenine substitution), -819 (thymine to cytosine substitution), and 
-592 (adenine to cytosine substitution). The polymorphism at position -1082 
lies within an Ets (E-twenty-six specific)-like recognition site and may affect 
the binding of this transcriptional factor and therefore alter transcription 
activation; the -1082 A allele correlates with IL-10 generation after stimulation 
of T cells in vitro (57), while polymorphisms at positions -819 and -592 do not 
seem to be involved. The IL-6 gene in humans is organised in five exons and 
four introns and maps to the short arm of chromosome 7 (7p21) (50, 73). The 
involvement of IL-6 in many biological functions is paralleled by genetic 
associations of its allelic variants with several physiological and 
pathophysiological conditions. Two of its polymorphic sites have been 
frequently used for genetic association studies: a multiallelic variable number 
of tandem repeats (VNTR) polymorphism in the 3* flanking region (AT 
repeats) and a biallelic G-to-C polymorphism of the promoter at the position 
-174. The G/C single nucleotide polymorphism (SNP) seems to be 
associated with varying blood levels and transcription rates of IL-6 (54, 56, 
68). 

In the light of these considerations and on the basis of a case-control 
association study in Italian sporadic late-onset AD patients and matched 
healthy controls (HC), the present inventors evaluated whether IL-10 and IL-6 
SNPs were related with the development of AD. The results shed further light 
on the inflammatory pathogenic hypothesis of AD and suggest an 
independent genetic predisposition from the metabolic one. 

These allelic variations are associated with measurable differences in 
IL-10 and IL-6 production by antigen- and mitogen-stimulated peripheral blood 
lymphocytes. In fact, these polymorphisms occur in the regulatory region of 
the gene and are associated with high, Intermediate or low IL-10 production 
(22). 
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The present inventors investigated beta amyloid-stimulated IL-10 and IL-6 
production by peripheral blood lymphocytes (PBMC) of AD patients and of 
age-matched healthy controls. Because the generation of this cytokine was 
significantly reduced in AD patients, IL-10 polymorphisms were analysed in 
these same individuals. Results showed that the high IL-10-producing allele is 
extremely rare in AD patients. 

Specifically, IL-10 genotypes are differently distributed when AD are 
compared with HC ( X 2 = 16.007; p=0.007). Therefore genotypes 
corresponding to reduced IL-10 production have a significantly higher 
distribution amongst AD subjects (table I). The presence of low-IL-10- 
producing genotypes is associated with a worsened clinical outcome of AD as 
follows: 1) earlier age at disease onset (Table II); and 2) faster disease 
progression (MMSE score)(Table 111). 



Table 1. IL-10 genotype distribution 





AD 


HC 


AD 


HC 


Genotype (c) 


n=47 


n=25 


% 


% 


GCC/GCC (H) 


1 


7 


2 


28 


GCC/ACC (M) 


10 


9 


21 


36 


GCC/ATA (M) 


11 


3 


23 


12 


ACC/ACC (L) 


8 


1 


17 


4 


ACC/ATA (L) 


12 


4 


26 


16 


ATA/ATA (L) 


5 


1 


11 


4 



The frequency of the different genotypes among Alzheimer's disease 
patients (AD) are statistically different from those of the healthy controls (HC). 
X 2 = 16.007, df=5, p= 0.007. In the brackets (c) there are the corresponding 
phenotype high (H), intermediate (M), low (L). 



WO 03/102237 PCT/GB03/02369 



Table II. IL-10 genotype distribution and age at onset 



Genotype 


mean 


S.D. 


SEM 


GCC/GCC 


76 


* 

/ 


1 \ 


GCC/ACC 


75.00 


8.57 


3.03 


GCC/ATA 


67.33 


8.2 


2.73 


ACC/ACC 


76.20 


8.79 


3.93 


ACC/ATA 


77.17 


4.07 


1.66 


J ATA/ATA 


65.75 


1.71 


0.85 



Correlation between the different genotypes in Alzheimer's disease patients 
and the age at onset. ANOVA: p= 0.042. 



Table III. IL-10 genotype distribution and WIMSE 



Genotype 


mean 


S.D. 


SEM 


GCC/GCC 


18 






GCC/ACC 


21.75 


5.5 


1.94 


GCC/ATA 


16.33 


5.68 


1.89 


ACC/ACC 


10.80 


7.5 


3.35 


ACC/ATA 


13.83 


5.19 


2.12 


ATA/ATA 


22.5 


1.73 


0.87 



Correlation between the different genotypes in Alzheimer's disease patients 
and MMSE ANOVA: p= 0.010. 

Chronic inflammation is suggested to be involved in the 
neurodegenerative process characteristic of AD (24, 25); this suggestion 
stems from both in vivo and ex adjuvantibus criteria. Hence, inflammatory 
mediators and activated glial cells are observed to be closely associated 
with neuritic plaques in vivo. Furthermore, recent data indicate that anti- 
inflammatory therapy could be useful in modulating disease progression 
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(10- 12). Despite this vast body of evidence, the biologic correlates of AD 
are still unclear. To shed light on this problem, attention was focused on 
IL-10. This cytokine is a pivotal regulatory cytokine involved in many 
facets of the immune response and is dysregulated in human autoimmune 
(26), malignant (27- 31), and infectious (32- 35) diseases. More recently it 
has been shown that the presence of genetically-determined higher levels 
of IL-10 secretion is an important component of the genetic background to 
systemic lupus erythematosus (36) and to the outcome of infectious 
disease (37). It has also been demonstrated that IL-10 secretion, resulted 
from in vitro stimulation of human peripheral blood leukocytes with LPS, 
varies markedly between individuals and that cytokine haplotypes are 
associated with different secretion levels (38). In addition, differences in 
IL-10 serum production by cells of patients and of their first-degree family 
members (37, 39), as well as differences in the distribution of IL-10 
alleles, suggested the involvement of the different isoforms of the IL-10 
gene as an important quantitative trait loci for human disease in infections 
(37, 40), autoimmune (26, 36, 41, 42) and malignant diseases (43). 

The present inventors initially analyzed LPS-, Flu-, and amyloid 
peptide- specific IL-2 and IL-10 production by peripheral blood 
mononuclear cells (PBMC) of AD patients and age matched HC. Results 
showed that: 1) IL-2 production by PBMC of AD patients and controls was 
similar in all the conditions measured; and 2) IL-10 generation by LPS- 
and Flu -stimulated PBMC was comparably similar amongst the two 
groups of individuals. In contrast, an amyloid-specific immune impairment 
characterized by a reduced generation of IL-10 was present in AD. The 
observation that this cytokine imbalance was not seen in mitogen- 
stimulated PBMC indicates that amyloid-specific immune responses are 
selectively impaired in AD patients. Additionally, results showing that flu- 
stimulated proliferation was similar in patients and controls indicates that 
antigenic processing and presentation in association with HLA class II 
molecules, and the CD4-HLA class II self-restricted pathway of activation 
of the immune system (44), are not defective in these patients. 



WO 03/102237 



PCT/GB03/02369 



7 

Next polymorphisms were analyzed in the IL-10 gene in the same 
group of subjects. Results stemming from analysis of the distribution of 
the IL-10 alleles in this Italian sample of healthy individuals showed a 
close similarity to those reported for other Caucasian populations ( 45). In 
contrast, we observed a significantly higher frequency of the genotypes 
corresponding to reduced IL-10 production (ACC/ACC, ACC/ATA and 
ATA/ATA) in AD patients. Thus, an abnormally augmented prevalence of 
low-IL-10 producing isoforms in the AD population was determined; the 
phenotypic correlate of these isoforms becomes evident when amyloid- 
specific immune responses were measured. 

Subsequent analyses focused on possible correlations between 
impaired IL-10 production and the clinical manifestations of AD by 
verifying whether the presence of low/intermediate IL-10 producing 
genotypes would be are associated with different disease outcomes. 
Results confirmed this to be the case. Thus, the presence of the ATA/ATA 
and of the GCC/ATA genotypes was correlated with an earlier age at 
disease onset. Additionally, the ACC/ATA and the ACC/ACC (all these 
are low/intermediate IL-10-producing genotypes) alleles were associated 
with a more severe cognitive impairment as indicated by a lower MMSE 
score. 

It is interesting to observe that a recent report on Italian centenarians, 
individuals who - by definition - are less prone to develop age-related 
diseases, has demonstrated that extreme longevity is associated with a 
significantly higher frequency of the high IL-10-producing genotypes (46). 

IL-10 is known to have potent anti-inflammatory properties (47); a 
biological scenario could thus be hypothesized in which the reduction of 
amyloid-specific IL-10 production would favour the triggering of the 
chronic inflammatory process seen in the progression of AD. These 
results suggest that an amyloid-specific and IL-10-mediated inhibitory 
feed-back circuit may be active in non-AD individuals; the rupture of this 
circuit could be associated with or predictive for the development of AD. 
Recently, a convincing study showed that an IL-10/pro-inflammatory 
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circuit that revolves around cells of the innate immune system regulates 
susceptibility to autoimmune diseases (48). These results are expanded 
by showing that an alteration of this circuit is present in AD patients. 

The present inventors have identified polymorphic regions, which 
polymorphs are indicative of a dysfunction of cytokine production and hence 
are associated with a predisposition towards an autoimmune, 
neurodegenerative or chronic inflammatory disease. 

At present, Alzheimer's disease is diagnosed by recognised criteria such 
as DMS IV or NINCDS-ADRDA (23), often in conjunction with a magnetic 
resonance image (MRI) or computer aided tomography (CT) scan of the brain 
to identify the characteristic amyloid plaques and neurofibrillary tangles 
together with atrophy of the hippocampal area of the brain. 

A definitive confirmatory diagnosis of Alzheimer's disease is only possible 
by a visual inspection of the affected areas of the brain during a post-mortem 
examination or via brain biopsy (not recommended due to lack of effective 
therapies). 

Therapies and methods for monitoring of Alzheimer's disease are being 
urgently sought. As the progress is made in efforts to prevent or delay 
neurodegeneration and disease progression, early detection of Alzheimer's 
and identification of susceptible patients will gain importance as this will allow 
preventive measures being employed as early as possible. Therefore a need 
exists to be able to provide predictive and reliable tests for susceptibility to 
Alzheimer's disease without the need for lengthy and subjective assessments 
of cognitive performance. 

Accordingly, the present invention provides a method of determining the 
existence of or a predisposition to Alzheimer's disease, autoimmune disease 
or other neurodegenerative diseases, the method comprising the steps of 
taking a DNA bearing sample from a subject animal and analysing the sample 
to determine the allelic variants present at one or more of the SNP loci at 
positions -1082, -819 and -592 of the gene encoding IL-10, or to put it another 
way, analysing the sample for the presence or absence of the alleles of Figure 
2. 
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Preferably, the genotype at all three positions -1082, -819 and -592 is 
determined. 

While the identification of the alleles of Figure 2 has been found to be 
useful or predictive in the identification of Alzheimer's disease, a combination 
of the alleles of IL-10 and IL-6 has been found to be more strongly predictive 
of a predisposition to Alzheimer's or diagnostic of the presence of Alzheimer's 
disease. 

Apolipoprotein E (Apo-E) has been associated with sporadic or non- 
familial AD. Hence, in a further aspect of the invention, a method of 
diagnosing Alzheimer's disease comprises the steps of obtaining a DNA- 
bearing sample from an animal and identifying the presence of a polymorphic 
allele of IL-10, IL-6 and of Apo-E. 

Preferably, the polymorphic allele is one of the alleles of Figure 2. 

Additionally, the sample may be assayed for the presence/absence of 
polymorphisms or other allelic variations of other cytokines in addition to IL-10 
and IL-6, for example, IL-10 and IL-6 plus IL-4 and/or IL-1. 

Alternatively, the sample may be assayed for the presence of absence of 
polymorphisms or other allelic variations of IL-10 plus Apo-E, or IL-6 plus Apo- 
E. 

An interleukin 1 alpha (IL-1 alpha) polymorphism has been associated 
with Alzheimer's disease (77). Hence, in still further aspect of the invention, a 
method of diagnosing Alzheimer's disease comprises the steps of obtaining a 
DNA-bearing sample from an animal and identifying the presence of a 
polymorphic allele of IL-10, IL-6, Apo-E and of IL-1. 

Generally, optimal predictive value will be obtained by combining as many 
predictive factors as possible in the test. The methods described herein 
together with markers such as Apo-E and IL-1 enable the development of a 
powerful diagnostic method that would include all the biological markers 
shown to have a predictive value toward the development of AD. 

The invention also provides a method of treating Alzheimer's disease, 
autoimmune diseases or other neurodegenerative disorders by modulating, 
that is augmenting or decreasing, the function of a gene having one of the 
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allelic polymorphisms of IL-10 shown in Table I, or to put it another way, a 
gene of the allelic polymorphisms of Figure 2. 

For example, IL-6 production is preferably downregulated but IL-10 
production is preferably upregulated. More preferably, IL-6 production is 
downregulated simultaneously with IL-10 production being upregulated. 

Alternatively, pharmaceutical compositions which inhibit or supply the 
appropriate cytokines may be administered to a patient in need of treatment. 
For example, instead of down regulation of IL-6 at a genetic level, a patient 
may be supplied with compounds which inhibit or block the action of IL-6. 
This inhibition or blocking may be at the synthesis stage, at the site of action 
or anywhere along the IL-6 metabolic pathway. Similarly, IL-10 may be 
supplied directly, as an intermediate, as a pre-cursor or pre-pro-cursor, by 
stimulating the synthesis of IL-10 ab initio or by administration of 
pharmacological compositions that enhance or inhibit antigen specific 
production of interleukin-1 0 and, optionally, one or more other cytokines. 

The other cytokine is preferably selected from the group consisting of 
interleukin-1 (a or p), interleukin-2, interleukin-3, interleukin-4, interleukin-5, 
interleukin-6, interleukin-7, interleukin-8, interleukin-9, interleukin-1 1 , 
interleukin-1 2, interleukin-1 3, interleukin-14, interleukin-1 5, interleukin-1 6, 
interleukin-1 7, interferon-a, interferon-p, interferon-y, TNF-a, TNF-p, G-CSF, 
GM-CSF, M-LSF, and TGF-p. 

Pharmacological agents which can modulate cytokine production are 
known in the art, for example, heat shock protein (HSP) and/or CpG-motif 
containing immunomodulatory oligonucleotides. DNA vaccination with 
constructs encoding the 60-kDa heat shock protein human hsp60 (phsp60) 
results in increased IL-10 production (71). It has been shown that CpG-DNA 
can induce the synthesis of suppressor of cytokine signalling (SOC) proteins. 
GpG-DNA-induced SOC proteins inhibit IL-6 production (72). Additionally, 
CpG-DNA via the extracellular signal-regulated kinase (ERK) mediated 
pathway, has been shown to trigger IL-10 production (73). CpG 
oligonuclotides can be structurally modified to achieve a desired profile of cell 
types affected and cytokines stimulated; to lean either toward the Th1 (cell 
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mediated, interferon gamma generating) or Th2 (antibody, IL-10 and II-4 
generating) T helper cell pathway (74). Examples of such diverse modulations 
are: Th1 profiled compound 7909 generated by Coley Pharmaceuticals and 
Th2 profiled compounds generated by Dynavax (75). In addition, CpG-like 
immunomodulatory oligonuclotides in which CpG motif has been substituted 
with YpG or CpR motifs but which show promise of modification of their 
immunomodulatory potential via their chemical structure may also be 
employed as pharmacological agents to affect desired cytokine production 
profile (76). 

In a further aspect, the present invention provides a method of treating 
Alzheimer's disease in an animal in need of treatment, the method comprising 
the reduction of IL-6 synthesis simultaneously with the augmentation of IL-10 
synthesis. 

The invention also provides the use of IL-6 inhibitors and IL-10 promoters 
in the manufacture of a medicament for the treatment of prophylaxis of 
Alzheimer's disease. 

In a further aspect of the invention DNA fragments and cDNA fragments 
encoding the allelic polymorphism of Table I, or to put it another way the 
allelic polymorphisms of Figure 2, for use in the above described method. 

These DNA fragments are useful in the screening and identification of 
compounds which bind to, regulate, or otherwise have a modulatory effect 
these alleles and hence stimulate or inhibit the synthesis of the gene product. 

Accordingly, the present invention further provides a method of screening 
for compounds which modulate chemokines implicated in Alzheimer's 
disease, the method comprising introducing the compound to be screened to 
DNA or cDNA fragments encoding the allelic polymorphisms of Table I, or to 
put it another way the allelic polymorphisms of Figure 2 and assessing the 
hybridisation between the compound and the fragment. 

Hence, the present invention also provides compounds which modulate 
Alzheimer's disease, as identified by the above method. 

Preferably, the animal is a mammal and more preferably a human being. 
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The data presented herein support the role of inflammatory processes 
in the pathogenesis of AD; reinforce the hypothesis that in AD patients 
neurodegeneration is tightly associated with an aberrant antigen-specific 
immune response; and lend further support to the use of anti- 
inflammatory compounds in the therapy of this disease. 

Accordingly, in a still further aspect the present invention provides a 
pharmaceutical composition comprising a cytokine in the preparation of a 
medicament for the treatment or prophylaxis of disease excluding neoplastic 
diseases, leukaemias, and acute inflammation. Preferably the disease is a 
neurodegenerative disorder or an autoimmune disease. Most preferably the 
disease is selected from the group comprising multiple sclerosis, myasthenia 
gravis, systemic lupus erythramatosus, diabetes mellitus, asthma, Parkinson's 
disease, motor neurone disease, Alzheimer's disease, chronic inflammation 
rheumatoid arthritis, HIV-infection and AIDS. 

Preferably, the cytokine is selected from the group consisting of 
interleukin-1 (a or p), interleukin-2, interleukin-3, interieukin-4, interleukin-5, 
interleukin-6, interleukin-7, interleukin-8, interieukin-9, interleukin-1 0, 
interleukin-1 1, interleukin-1 2, interleukin-1 3, interleukin-1 4, interleukin-1 5, 
interleukin-1 6, interleukin-1 7, interferon-a, interferon-p, interferon-/, TNF-a, 
TNF-p, G-CSF, GM-CSF, M-LSF, and TGF-p, or combinations or mixtures 
thereof. Preferably, two or more cytokines are used. 

Most preferably the or each cytokine is an interleukin, especially 
interleukin-1 0 or interleukin-6. 

Embodiments of the invention will now be described by way of example 
only, with reference to the accompanying drawings of which 

Figures 1A-1D are bar charts in which show LPS- and pamyloid- (a pool 
of 3p amyloid peptides: pA: fragments 25-35; pA: fragment 1-40; and pC: 
fragment 1-16) stimulated IL-2 (panels A and C) and IL-10 (panels B and D) 
production by PBMC of 47 AD patients (O) and 25 age- and sex-matched 
healthy controls (O). Mean values + standard errors are shown. p<0.023; 
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Figure 2 shows paradigmatic example of IL-10 genotyping for six different 
samples. In each gel the heaviest bands correspond to the amplicons of the 
human p-globin gene which is used as the internal controls. The other 
specific amplified DNA fragments correspond to the polymorphisms of the IL- 
10 gene: GCC/GCC (A), GCC/ACC (B), GCC/ATA (C), ACC/ACC (D), 
ACC/ATA (E), ATA/ATA (F), and 

Figures 3A-3D are bar charts which show LPS- and p-amyloid-stimulated 
(a pool of three p-amyloid peptides; pA, fragment 25-35; pB, fragment 1-40; 
and pC, fragment 1-16) production of IL-6 (panels A and C) and IL-10 (panels 
B and D) by PBMC of 47 AD patients (O) and 25 age- and sex- matched 
healthy controls (O). Means + standard errors; p<0.023. 

Example 1 

Patients and controls 

Forty-seven AD patients and 25 non-demented subjects (HC) were 
included in a study of Alzheimer's disease. These patients were selected from 
a larger population sample followed at the Geriatric Department of the 
Ospedale Maggiore IRCCS, University of Milan, Italy. The DMS IV and 
NINCDS-ADRDA (23) criteria were adopted to obtain the clinical diagnosis of 
AD. Cognitive performances and alterations were assessed according to the 
Mini-Mental State Evaluation (MMSE). AD patients and HC were living at 
home and were carefully physical examined on the day of blood collection and 
their clinical records evaluated. In order to minimize the risk of clinical or sub- 
clinical inflammatory processes, all the patients were selected as follows: only 
AD and HC without clinical sign of inflammation (e.g. normal body 
temperature or absence of concomitant inflammatory disease) were included 
in the study. Blood chemical parameters were also evaluated and subjects 
with abnormal sedimentation rate of red blood cells or altered blood profile of 
albumin and transferring plasma levels were excluded. A further selection of 
AD patients were performed according to the C reactive protein (CRP) plasma 
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levels and those patients with CRP above 5 mg/l (mean value ± 2 standard 
deviations of control values) were not enrolled in the study. 

Informed consent to perform the study was obtained from controls and a 
relative of each AD patient. 

Blood sample collection 

Whole blood was collected by venipuncture in Vacutainer tubes 
containing EDTA (Becton Dickinson Co, Rutherford, NJ). Peripheral blood 
mononuclear cells (PBMC) were separated by centrifugation on lymphocyte 
separation medium (Organon Teknika Corp., Durham, NC) and washed twice 
in PBS. The number of viable lymphocytes was determined by trypan blue 
exclusion and a hemocytometer. 

In vitro cytokine production 

PBMCs were resuspended at 3x106/ml in RPMI 1640 and were either 
unstimulated or stimulated with LPS (Sigma, St. Louis, Ml)(10 g/ml), with a 
pool of 3 different peptides from the b-amyloid protein as follows: b-A: 
fragment 25-35 (25 mg/ml); b-B: fragment 1-40 (150 ng/ml); b-C: fragment 1- 
16 (150 ng/ml) (Sigma, St. Louis, Ml); or with influenza virus vaccine 
(A/Taiwan+A/Shanghai+BA/ictoria)(24 g/l; final dilution 1:1000)(Flu) (control 
antigen) at 37°C in a moist, 7% CO2 atmosphere. Supernatants were 
harvested after 48 hours for LPS stimulation and after 5 days of culture for the 
b-amyloid protein peptides and Flu. Production of IL-2 and IL-10 by PBMCs 
was evaluated with commercial available ELISA kits (ACCUCYTE, 
Cytimmune Sciences, Inc. College Park, MD). All test kits were used following 
the procedures suggested by the manufacturer. 

IL-10 aenotvpina 

Genomic DNA was extracted from EDTA-treated peripheral blood (10 ml) 
using a standard proteinase K and phenol/chloroform method. The DNA 
concentration and purity were determined by spectrophotometric analysis. A 
polymerase chain reaction-sequence specific primers (PCR-SSP) 
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methodology was utilised to assess the IL-10 genotypes. The amplification of 
the sequence in the promoter region of the IL-10 (polymorphic positions - 
1082, -819, -592) gene were performed using the Cytokine genotyping Tray 
Method (One Lambda, Canoga Park, CA, USA); the human B-globin gene 
was amplified as an internal control of genomic DNA preparation. PCR 
condition were indicated by One Lambda PCR program (OLI-1); the PCR 
products were then visualised by electrophoresis in 2.5% agarose gel. 



Statistical analysis 

Statistical analysis was conducted using SPSS statistical package (SPSS, 
Chicago, IL). Differences in IL-10 production stemmed from analytic 
procedures based on non parametric analyses (Mann-Whitney); comparisons 
between different groups of patients were made using Fisher's exact 2-tailed 
test. Genotype frequencies were compared between the study groups by c 2 
test with an observed significance level of the test below 0.05. Comparisons 
between the mean values of the age at onset and MMSE in the six different 
groups of AD were performed by one-way ANOVA analysis. 

Aae. gender and MMSE scores in A D patients and in HC 

Forty-seven AD patients and 25 age-matched healthy controls were 
enrolled in the study. The Mini-Mental State Evaluation (MMSE) showed the 
presence of a mild-to-severe cognitive deterioration in the AD patients. These 
data are shown in Table 1. 

MBP-stimulated IL-1 0 production is reduced in AD patients 

PBMC of 47 AD patients and of 25 age-and sex-matched HC were 
stimulated with a mitogen (LPS); a pool of 3 amyloid peptides ( A: fragment 
25-35, B: fragment 1-40, and C: fragment 1-16)( amyloid), or Flu (used as a 
control antigen) and the production of IL-2 and IL-10 was measured with 
ELISA methods. No differences were seen when LPS- or Flu-stimulated IL-2 
and IL-10 production was compared in AD patients and HC. amyloid- 
stimulated lL-2-production was also similar in the two groups of individuals 
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studied. In contrast with these results, amyloid-stimulated production of IL-10 
was significantly reduced (p= 0. 023) in AD patients compared to controls. 
These data are shown in Figure 1. 

The distribution of high, inte r mediate, and low IL-10 producing genotypes is 

skewed in AD patients 

Paradigmatic example of the six different IL-10 genotypes, evaluated by 
PCR-SSP, is showed in Fig. 2 and their relative distribution among a typical 
Caucasian population sample is shown in Table II. In contrast with the 
distribution observed in HC, the frequency of the different IL-10 genotypes 
among AD patients was significantly skewed (c2 = 16.007 with p=0.007) 
(Table II). Therefore genotypes corresponding to reduced IL-10 production 
(ACC/ACC, ACC/ATA and ATA/ATA genotypes) had a significantly higher 
distribution amongst AD subjects (17%, 26% and 11% respectively versus 
4%, 16% and 4% in HC). Moreover the GCC/ACC to GCC/ATA ratio 
(intermediate phenotype) was 1:1 in AD while was 3:1 in HC. 

Low IL-10 production is correlated with worsen ed clinical outcome of AD 

To analyse possible clinical correlates of the presence of low IL-10 
genotype, we subsequently examined the six genotypes in relation to age of 
AD onset (Table 111) and the progression of cognitive deterioration (Table IV). 
The results confirmed that the presence of low-IL-10-producing genotypes is 
indeed associated with a worsened clinical outcome of AD. Thus, presence of 
the ATA/ATA and GCC/ATA genotypes was associated with an earlier age at 
disease onset (ANOVA: p=0.042)(Table III); additionally, an inverse 
correlation was detected between ACC/ATA and ACC/ACC, low IL-10- 
producing genotypes, and the MMSE score (ANOVA: p=0.010)(Table IV). 
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Example 2 

Patients and controls 

Sixty-five AD patients (44 F/21 M, mean age 80+2) and 65 non-demented 
sex- and age- matched healthy controls (HC) were enrolled. The patients 
were selected from a larger population sample followed at the Geriatric 
Department of the Ospedale Maggiore IRCCS, University of Milan, Italy. We 
applied the DMS IV and NINCDS-ADRDA (23) criteria to obtain the clinical 
diagnosis of AD; every subject had a recent brain magnetic resonance 
imaging (MRI)/computed tomography (CT) scan available. Cognitive 
performances and alterations were assessed according to the Mini-Mental 
State Evaluation (MMSE). AD patients and HC were living at home and a 
careful physical examination was done on the day of blood collection, and 
their clinical records were consulted. 

In order to minimize the risk of clinical or sub-clinical inflammatory 
processes, subjects were selected as follows: only AD and HC without clinical 
signs of inflammation (e.g. normal body temperature, no concomitant 
inflammatory condition) were eligible. Blood chemistry tests were done and 
subjects with an abnormal red blood cell sedimentation rate or altered albumin 
and transferring plasma levels were excluded. AD patients were further 
selected according to their C reactive protein (CRP) plasma levels and any 
with CRP above 5 mg/L (mean + 2 standard deviations of control values) were 
not eligible. 

Informed consent was obtained from all the subjects or their relatives. The 
study protocol was approved by the Ethics Committee of the University 
Hospital. 

Blood sampling 

Whole blood was collected by venipuncture in Vacutainer tubes 
containing EDTA (Becton Dickinson Co., Rutherford, NJ). Peripheral blood 
mononuclear cells (PBMC) were separated by centrifugation on lymphocyte 
separation medium (Organon Teknika Corp., Durham, NC) and washed twice 
in PBS. Viable lymphocytes were counted by Trypan blue exclusion and a 
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hemocytometer. 
Genotvpinq 

Genomic DNA was extracted using a standard proteinase K and 
phenol/chloroform method. The DNA concentration and purity were 
determined by spectrophotometric analysis. A polymerase chain reaction- 
sequence-specific primers (PCR-SSP) method was utilised to assess IL-10 
and IL-6 genotypes. The sequence in the promoter region of the IL-10 
(polymorphic positions -1082, -819, -592) and IL-6 (polymorphic position -174) 
genes was amplified using the cytokine genotyping tray method (One 
Lambda, Canoga Park, CA, USA); the human p-globin gene was amplified as 
an internal control for the genomic DNA preparation. PCR conditions were 
indicated by the One Lambda PCR program (OLI-1) and the PCR products 
were visualised by electrophoresis in 2.5% agarose gel. 

The ApoE genotypes were determined by PCR amplification of a 234 
base-pair fragment of exon 4 of the ApoE gene, followed by digestion with 
Cfo1 . The restriction patterns were obtained by gel electrophoresis. 

In vitro cytokine production 

PBMCs were resuspended at 3x10 6 /mL in RPMI 1640 and were either 
unstimulated or stimulated with LPS (Sigma, St. Louis, Ml)(10 ng/mL), with 
a pool of three peptides from the p-amyloid protein as follows: p-A, fragment 
25-35 (25 g/mL); B-B, fragment 1-40 (150 ng/mL); p-C, fragment 1-16 (150 
ng/mL)(Sigma), or with influenza virus vaccine 
(A/Taiwan+A/Shanghai+BA/ictoria) (24 ng/L; final dilution 1:1000) (Flu) 
(control antigen) at 37°C in a moist, 7% C0 2 atmosphere. Supematants were 
harvested after 48 hours for LPS stimulation and after five days of culture for 
the p-amyloid protein peptides. Production of IL-10 and IL-6 by PBMCs was 
evaluated with commercial ELISA kits (ACCUCYTE, Cytimmune Sciences 
Inc., College Park, MD). All test kits were used following the manufacturer's 
directions. 
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Statistical analysis 

Statistical analysis was done using the SPSS statistical package (SPSS, 
Chicago, IL). Genotype frequencies were compared in the study groups by 
the x 2 test with a level of significance below 0.05. The odds ratio (OR) and 
95% confidence intervals (CI) were also calculated. Adjusted ORs were 
estimated by logistic regression, controlling for ApoE 4 carrier status. 
Homogeneity of the ORs between strata was assessed by including the 
appropriate interaction terms in the model. Differences in IL-10 and IL-6 
production were established by procedures based on non-parametric analysis 
(Mann-Whitney); different groups of patients were compared using Fisher's 
exact two-tailed test. 

The distribution of high, intermediate, and low IL- 10 producing genotypes is 
skewed in AD patients 

The genotype and allele frequencies of the biallelic polymorphism at 
position -1082 are reported in Table V. This SNP alters transcriptional 
activation with a gene dosage-related effect, so GG genotype correlates with 
high, GA with intermediate and AA with low IL-10 production after stimulation 
of T cells in vitro (57). AD patients show a significantly higher frequency of 
the -1082A low producer allele, which skews the genotype distribution in AD 
compared to HC with a significant decrease of -1082GG high producer 
genotype (Table V). 
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Table V. Frequency of the different IL-10 genotypes and alleles observed in 
Alzheimer's disease patients (AD) and in healthy age-matched controls. 







Genotype 




Allele 






G/G (H) a 


G/A (M) 


A/A (L) 


A 


G 


AD 


4 (6.4%) 


28 (44.4%) 


31 (49.2%) 


90(71.4%) 


36 (28.6%) 


HC 


14 (22.2%) 


29 (46%) 


20 (31.8%) 


69 (54.8%) 


57 (45.2%) 



a The corresponding phenotypes: high (H), intermediate (M), low (L) are 
shown in brackets 

Genotype: X 2 = 7.946 , df= 2 , p= 0.019 
Allele: % 2 = 6.817 , df= 1 , p= 0.009 

The some SNP is linked with two other SNPs at positions -819 and -592. 
They combine with microsatellite alleles to form haplotypes where the 
difference in IL-10 production is mainly accounted for by the -1082 SNP (38, 
42). The genotype and allele frequencies of -819 C-»T and -592 C-»A SNPs 
were distributed similarly in our AD and HC samples (data not shown). 

The -174C allele in the IL-6 gene is over-rep resented in AD patients 

The distribution of IL-6 genotypes and alleles in HC and AD is shown in 
Table 6. This functional polymorphism also seemed related to the plasma IL- 
6 concentration; however, it is not clear how this SNP influences IL-6 plasma 
levels (54). The results of the genotype distribution in our AD and HC 
samples, with a lower frequency of GG genotype in AD patients. Similarly, 
the allele distribution was significantly different in the two groups, the C allele 
being significantly higher in AD (Table VI). 
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Table VI. Frequency of the different IL-6 genotypes and alleles observed ii 
Alzheimer's disease patients (AD) and in healthy age-matched controls. 

Genotype Allele 





G/G (H) a 


G/C (H) 


C/C (L) 


C 


G 


AD 


17 (29%) 


34 (57.6%) 


8(13.4%) 


50 (42.4%) 


68 (57.6%) 


HC 


32 (50%) 


27 (42.2%) 


5 (7.8%) 


37 (28.9%) 


91 (71.1%) 



a High (H) and low (L) phenotypes are in brackets 
Genotype: x 2 = 5.894 , df= 2 , p= 0.052 
Allele: % 2 = 4.300 , df= 1 , p= 0.038 

L-10 and IL-6 allele combination and relative r isk of developing AD 

We investigated whether any combination of the IL-10 GA and IL-6 GC 
alleles affected the risk of AD. The concomitant presence of both IL-10 A and 
IL-6 C alleles significantly raised this risk, independently of the ApoE4 status 
(Table VII). The IL-10 A/A genotype alone or the IL-6 C/C genotype alone 
both conferred a smaller increase in the risk of the disease (OR 5.8, CI 1.7- 
20, p=0.005; OR 3.0, CI 0.9-10.6, p=0.087). 
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Table VII. IL-10 and IL-6 alleles and risk for Alzheimer disease 



IL-10 


IL-6 


OR 


95% CI 


adj. OR 


95% CI 


G allele 


G allele 


1 




1 




G 


C 


2.8 


0.2-40 


0.9 


0.1-26.5 


A 


G 


4.6 


0.5-41 


3.3 


0.3-36.3 


A 


C 


11.2* 


1.3-97.3 


10.3* 


1.0-108 



7*p>0.05; 

OR: crude odds ratio; adj. OR: apolipoprotein E e4 adjusted odds ratio; 
CI: confidence interval 

LPS. Flu, and amvloid peptide-stimulated IL-10 and IL-6 production is reduced 
in AD patients 

PBMC of 47 AD patients and 25 age- and sex-matched HC were 
stimulated with a mitogen (LPS), with a pool of three B amyloid peptides (pA, 
fragment 25-35; (3B, fragment 1-40; PC fragment 1-16), or with Flu and the 
production of IL-10, IL-6 was measured with ELISA methods. There were no 
differences in LPS- or flu- stimulated IL-6 and IL-10 production in AD and HC. 
In contrast, when p-amyloid-stimulated production of IL-6 and IL-10 was 
analysed, a marginal increased IL-6 production and a significant decrement of 
IL-10 generation (p= 0.023) were seen in AD patients compared to HC, 
suggesting an antigen-specific impairment in the production of these 
cytokines. These data are shown in Figure 3. 

The causative role of chronic inflammation in the pathogenesis of AD is 
still mainly speculative (24, 25). Nonetheless a "cytokine cycle" has been 
proposed where (19) the anti-inflammatory cytokines (IL-4, IL-10 and IL-13) 
regulate p-amyloid-induced microglial/macrophage inflammatory responses 
and modify the microglial activity surrounding amyloid neuritic plaques (52). 
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These cytokines can inhibit the induction of IL-1, TNF-a and MCP-1 in 
differentiated human monocytes and, above all, IL-10 causes dose- 
dependent inhibition of the IL-6 secretion induced by p-amyloid in these cells 
and in murine microglia (19). 

From a clinical point of view, IL-10 is involved in autoimmune diseases 
(41, 42, 26) and in malignancies (31, 27, 43) where the higher levels of the 
cytokine depend on genetic background (59) but also influence the outcome 
of infections (34, 40, 37). 

More consistent is the evidence of a role of IL-6 in the pathogenesis of 
AD. Elevated IL-6 immunoreactivity was observed close to amyloid plaques 
in the brain of these patients (67); IL-6 induces the synthesis of p-amyloid 
precursor protein (69), and in transgenic mouse models elevated CNS levels 
of IL-6 result in neuropathogenic effects and cognitive deficits (51). 

The C allele of a VNTR on the IL-6 gene was reported to reduce 
cytokine activity (61). The IL-6 VNTR C allele has been correlated with a 
delayed initial onset and reduced AD risk in a German population (63). The 
functional polymorphism -178 of the promoter region could also be involved 
in the development of AD phenotype because of its association with plasma 
concentrations of the cytokine (54). However, in two clinical sets of different 
ethnic origin the results were debatable (49). 

In our sample the data from SNP analysis showed HC had a distribution 
of IL-10 and IL-6 alleles similar to that of an Italian population (65). More 
importantly, the present results point to a significantly higher percentage of 
IL-10 -1082A carriers among AD cases. A recent report on Italian 
centenarians, who are clearly less prone than younger persons to age- 
related diseases, showed that extreme longevity is significantly associated 
with the high IL-10-producing genotypes (58). 

As we have previously reported, the results on IL-6 SNPs are more 
contradictory. The IL-6 G allele seems significantly in AD of Japanese (66) 
and also of southern Italian origin (64), whereas in our sample it is the C 
allele that appears over-represented. 

To link these differing findings several points have to be considered. 
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Ethnicity may strongly influence the role of genetic risk factors, and so may 
the distribution of gene variants in the populations of different European 
countries, or even among different areas of the same country (53, 55, 60, 62, 
70). In addition, the association between AD and IL-6 SNPs may be 
confined to particular ages, and in our samples AD and HC subjects were all 
old-old. 

Finally, we must considered the role played by a gene or by several 
genes in linkage disequilibrium with this mutation: a strong disequilibrium 
between -174 SIMP and the VNTR polymorphism of the 3* flanking region of 
the IL-6 gene has been described in Germans (49). 

The main finding of this study was the identification of a group of 
subjects with a high risk of late-onset AD on account of the concomitant 
presence of IL-10 -1082A and IL-6 -174C alleles. We also explored 
interactions between Apo E and IL-10 or IL-6 genes but did not find any 
evidence of synergistic effects, suggesting that these inflammation- related 
alleles are an additional and independent risk factor for AD. 

To shed more light on the genetic results, the inventors also analysed p- 
amyloid peptide-, LPS-, and Flu-specific IL-10 and IL-6 production by 
peripheral blood mononuclear cells (PBMC) in a subset of AD patients and 
age-matched HC. The results showed that: 1) IL-6 production by PBMC of 
AD patients and controls did not differ significantly in any conditions; and 2) 
IL-10 generation by LPS- and Flu-stimulated PBMC was comparable in the 
two groups, whereas a p-amyloid-specific immune impairment characterized 
by a reduced generation of IL-10 was noted in AD. The fact that this cytokine 
imbalance was not seen in mitogen-stimulated PBMC indicates that 
p-amyloid-specific immune responses are selectively impaired in AD. 
Additionally, the finding that flu-stimulated proliferation was similar in patients 
and controls indicates that antigenic processing and presentation in 
association with HLA class II molecules, and the CD4-HLA class II self- 
restricted pathway of activation of the immune system (44), are not defective 
in AD. Thus a biological scenario is conceivable in which the reduction of 
amyloid-specific IL-10 production favours the triggering of the chronic 
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inflammatory process seen in the AD brain. An amyloid-specific and IL-1 re- 
mediated inhibitory feedback circuit could be active in non-AD individuals, 
and a breakdown of this circuit could be associated with, or predictive of, the 
development of AD. A recent study showed convincingly that an IL-10/pro- 
inflammatory circuit revolving around cells of the innate immune system 
regulates susceptibility to autoimmune diseases (48). Our results extend 
this concept by showing that in AD patients this circuit is altered. The data as 
a whole support the theory that the overall risk of developing AD may be 
governed by a "susceptibility profile", that reflects the combined influence of 
inheriting multiple high-risk alleles, and casts light on the pivotal role of IL-10 
and IL-6 SNPs in this profile. 

Inflammation is involved in the pathogenesis of Alzheimer's disease (AD, 
the anti-inflammatory cytokine interleukin-10 (IL-10) might counteract IL-6 
activity in the brain. As the promoter of these genes is polymorphic, the 65 
AD patients and 65 healthy controls (HC) the present investigated the IL-10 
-1082 GA and IL-6 -174 GC alleles. In several cases they also assessed IL- 
10 and IL-6 production by PBMC. For IL-10 there was a significant higher 
level of the -1082GG genotype (p=0.019) in HD than HC, while for IL-6 the 
G/G genotype was lower and the C allele higher (p<0.005). The 
concomitance of IL-10 A and IL-6 C alleles significantly raised the risk of AD 
(odds ratio: OR 11.2, confidence interval: CI 1.3-97.3; p<0.05) independently 
of ApoE4 (adjusted OR 10.3, C1 1-108; p<0.05). Only amyloid-stimulated IL- 
10 production differed in AD and HC (p=0.023). These results conflict with 
the inflammatory theory in AD, pointing to a pivotal role of IL-10 and IL-6 
polymorphisms and a selective alternation in this network. 

Example 3 

Genotype analyses on interferons and TNF-a 

The methods described in the preceding Examples were used to perform 
genotype analysis on interferon^ and TNF-a in Alzheimer's patients and 
healthy controls. A summary of the results is shown in tables VIII and IX. 
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Table VIII. IFN-y genotype distribution 



Genotype (c) 



Allele 



T/T (H) 



T/A(l) A/A (L) 



T 



AD 
HC 



11(15.5%) 
11(18%) 



35(49.3%) 25(35.2%) 
31(51%) 19(31%) 



57(40%) 
53(43%) 



85(60%) 
69(57%) 



The frequencies of the different genotypes among Alzheimer's disease 
patients (AD) were not statistically different from those of the health controls 
(HC). 

X 2 = 0.305, df=2, p=0.859. 

In the brackets (c) there are the corresponding phenotype high (H), 

intermediate (M) and low (L). 

Allele: 

3^ = 0.174, d f= 1f p =o.676. 



Table IX. TNF-a genotype distribution 





Genotype 






Allele 






G/G (L) a 


G/A (H) 


A/A (H) 


C 


G 


AD 
HC 


60 (82%) 
32 (69%) 


12(16.5%) 
13(28%) 


1 (1.5%) 
1 (3%) 


132 (90%) 
77 (84%) 


14 (10%) 

15 (16%) 



The frequencies of the different genotypes among Alzheimer's disease 
patients (AD) were not statistically different from those of the health controls 
(HC) 

a High (H) and low (L) phenotypes are in brackets 
Genotype: % 2 = 2.568 , df= 2 , p= 0.277 
Allele: % 2 = 1.792 , df= 1 , p= 0.181 
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There are no statistically significant differences when Alzheimer's patients 
and controls are compared indicating that neither interferon-Y nor TNF-a is 
associated with the likelihood of developing Alzheimer's disease. 

In contrast, the present invention shows that IL-10 and IL-6 are highly 
predictive for developing Alzheimer and possibly also predict disease 
progression. The best predictive value will be achieved by combining 
genotype tests for multiple gene polymorphisms e.g. IL10, IL-6, Apo-E and 
others shown to be associated with Alzheimer's disease. 
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